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http://dx.doi.org/10.1016/j.pedneo.2Asthma is one of the most common chronic respiratory diseases with an increasing prevalence
and financial burden worldwide. This disease affects individuals in all countries and all ethnic
groups; however, prevalence rates of asthma have been reported to vary significantly between
different regions. To understand the origin of asthma and to manage it effectively, it is neces-
sary to analyze the genetic and environmental factors that cause these geographic differ-
ences. Therefore, we aimed to review published data from the investigations of asthma
patients in Eastern Europe, represented by Latvia and Lithuania, and of patients from Eastern
Asia represented by Taiwan. We hope that some of the common factors can be identified and
different variants can be compared among these three countries for development of a new
strategy to prevent childhood asthma.
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Asthma is one of the most common chronic respiratory
diseases with an increasing prevalence and financial burden
worldwide.1 This disease affects individuals in all countries
and all ethnic groups; however, prevalence rates of asthma
have been reported to vary significantly among different
regions.2 To understand the origin of asthma and to manage
it effectively, it is necessary to understand the reasons for
these geographic differences. Therefore, we aimed to
review published data from the investigations of asthma
patients in Eastern Europe, represented by Latvia and
Lithuania, and of patients from Eastern Asia, represented
by Taiwan.
2. Prevalence
A number of epidemiologic studies have been performed to
compare the burden of asthma, and these studies have
reported striking differences in asthma prevalence
between countries. Without doubt, ethnicity plays a role.
The US Census Bureau, Population Estimates and Interna-
tional Data Base, 2004 estimates that globally 373,847,408
people suffer from asthma,3,4 and this number has been
rising notably during the past decades. The following
extrapolations are automated calculations and do not take
into account any genetic, cultural, environmental, social,
and racial or other differences across the various countries
and regions from which they are extrapolated (Table 1).
These extrapolations may be highly inaccurate (especially
for developing or Third World countries) and only give
a general indication as to the actual prevalence or inci-
dence of asthma.
It has been shown that 5-15% European citizens are
asthmatic. When assessing asthma prevalence in the
different European regions, it is evident that numbers are
higher in Northern Europe. However, in the Asia-Pacific
region, asthma prevalence is generally lower than that re-
ported in Western countries as revealed by the recent
findings of the International Study of Asthma and Allergies
in Childhood (ISAAC). The key findings of the ISAAC included
the high prevalence of reported asthma symptoms in
English-language countries, the high symptom prevalence
in Latin America, the relatively high prevalence in Western
Europe, but much lower prevalence in Eastern Europe with
a clear Northwest-Southeast gradient, and the relativelyTable 1 Prevalence of asthma in Lithuanian, Latvian and Taiw
Census Bureau, International Data Base, 2004.3,4
Country Taiwan
Population (2011) 22,749,838
Density 642/km2 Z 1,664/sq mi
Area 36,193 km2 Z 13,974 sq mi
Water area % 10.34%
GDP (nominal) total (2009) $466.8 billion
GDP (nominal) per capita (2010) $20,100
% of asthmatics 6.4%
GDP Z gross domestic product.low prevalence in Africa and Asia.5 However, the ISAAC
phase III surprisingly showed a decrease in prevalence of
asthma symptoms in English-speaking countries and
Western Europe and an increase in prevalence in regions
where prevalence had previously been low.6 In fact, it has
also been observed that asthma prevalence has increased in
Western counties such as the United Kingdom, Australia,
and New Zealand, but not in Eastern Europe, India, China,
or Africa.7 Some studies, however, have revealed a leveling
trend,8,9 whereas others have reported a declining
prevalence.10,11
In Taiwan, according to Hsieh and Shen,12 the preva-
lence of childhood asthma in Taipei, Taiwan was 1.3% in
1974 and 5.0% in 1985. Using the ISAAC questionnaire in
1994 and 2002 in 6- to 7-year-old schoolchildren in the same
place, an increasing trend was observed for asthma prev-
alence in 1994, but a leveling trend was detected for the
period between 1994 and 2002.5,13 However, a phase III
study conducted by Yan et al 14 in 2002 in 13- to 14-year-old
schoolchildren in Taipei showed an increasing prevalence of
symptoms of asthma, allergic rhinitis, and atopic eczema.
Recently, Wu et al15 showed that, from a total population of
24,999 first-grade students from 153 elementary schools in
Taipei who completed the questionnaire, the proportion of
children who have experienced wheezing and nocturnal
cough in the past 12 months was significantly increased in
2007 compared with results for 1994 and 2002. In contrast,
no significant differences were detected in the prevalence
of current wheeze or physician-diagnosed asthma. The
prevalence of severe wheezing symptoms in the past 12
months (four or more attacks of wheezing,  1 night of
sleep disturbance due to wheezing per week, wheezing that
limits speech, and exercise-induced wheezing) also
decreased significantly. Alarmingly, the prevalence and
severity of rhinitis symptoms increased significantly during
the 13-year period that was analyzed. The prevalence of
eczema symptoms, defined as recurrent itchy rash and
typical atopic eczema distribution in the past 12 months,
also increased. The authors noted that increases in the
prevalence and severity of allergic rhinitis and atopic
eczema but not in asthma are multifactorial and need to be
explored further.
According to a 1998 survey of prevalence of childhood
asthma, rhinitis, and eczema in Scandinavia and Eastern
Europe ina total of79,000 children fromtwoagegroups (13-14
years and 6-7 years) using the ISAAC questionnaire, there is
evidence that the prevalence of allergies and asthma differsanese populations; extrapolated statistics, based on the US
Latvia Lithuania
2,306,306 3,607,899
36/km2 Z 93/sq mi 52/km2 Z 134/sq mi
64,589 km2 Z 24,937 sq mi 65,200 km2 Z 25,173 sq mi
1.5% 1.35%
$26.2 billion $37.2 billion
$14,330 $16,997
6.3% 6.4%
278 L.S.-S. Wu et albetween populations in western and eastern Europe.16 The
prevalence ofwheezing among the 13- to 14-year-old children
was 11.2-19.7% in Finland and Sweden, 7.6-8.5% in Estonia,
Latvia, and Poland, and 2.6-5.9% in Albania, Romania, Russia,
Georgia, and Uzbekistan. The prevalence of atopy-related
disorders was higher in Scandinavia than in Estonia, Latvia,
and Poland. This supports the hypothesis that "Western life-
style" is associated with a high prevalence of childhood
allergy. According to the Lithuanian Health Information
Centre,17 approximately 15,000 children suffer from asthma
in Lithuania, and almost 10% of them experience disability.
From 2001 to 2003, the incidence of allergic rhinitis among
10- to 14-year-old children has doubled in Lithuania. Kudzyte
et al 18 used a Lithuanian version of the ISAAC core question-
naire, which was completed by parents randomly selected
from Kaunas primary schools. A school-based sample of 1879
participants in the 1994-1995 survey (response rate 94.0 %)
and 2772 participants in the 2001-2002 survey (response rate
92.4%) was included as the study population. When the result
of these two surveys are compared, there are significant
increases in the prevalence of asthma (0.9% vs. 2.6%), allergic
rhinitis (1.4% vs. 2.4%), and atopic dermatitis (1.4% vs. 3.5%).
There is also a tendency toward an increase in the prevalence
of current symptoms and diagnoses for all three conditions,
but this increased prevalence was more pronounced in boys.
The comorbidity among these three allergic diseases also rose
significantly between 1994-1995 and 2001-2002. However,
many allergic diseases remain undiagnosed.
2.1. The burden of childhood asthma
Maintenance medications and other therapies allow many
patients to control their asthma, but the cost of treatment
can be high. In addition, the treatment of acute attacks and
comorbidities of asthma consume considerable medical
resources. As a leading chronic childhood illness in devel-
oped countries, asthma places a large burden on affected
children and their families. According to Health and Vital
Statistics, Taiwan, Republic of China,19 asthma mortality in
Taiwan decreased from 8.17 per 100,000 in 1981 to 4.5 in
2000, but the mortality rate in Taiwan is still greater than
that in the United States (1.6 per 100,000).20 Although
asthma is a major cause of childhood disability21,22 and in
rare cases causes premature death, asthma morbidity and
mortality are largely preventable if patients and their
families are adequately educated about the disease and
have access to high-quality health care.23,24 Poor outcomes
for childhood asthma, such as hospitalizations and deaths,
are at least partially sensitive to the quality of ambulatory
health care.25 Thus, it is important to monitor trends in
asthma prevalence, health care utilization, and mortality
simultaneously to estimate the burden of disease and to
help assess the effect of asthma prevention programs and
changes in health care quality.
2.2. Health care utilization and medical costs of
childhood asthma in Taiwan and Latvia
From 1985 to 1994, the estimated total cost of illness for
pediatric (patients younger than 17 years) asthma in United
States increased from $2.25 billion (in 1994 dollars) to $3.17billion despite a 15.5% decrease in the cost of care per
child.26 There are two types of costs contributing to the
total cost of an illness–direct and indirect. Direct costs
include both medical and nonmedical expenses associated
with the disease. Medical direct costs include those
expenses generated in disease prevention, treatment, and
rehabilitation. Nonmedical direct costs include trans-
portation to and from the health care provider and
purchase of home health care. Indirect costs include days
missed from work, school days lost (caretaker needs to
suspend usual daily activities to care for the child), and
loss of future potential earnings as a result of premature
death.27 To investigate total health-care costs for pediatric
patients with asthma in Taiwan, Sun et al 27 enrolled data of
33,461 patients age 3-17 years in the Taiwan National
Health Insurance Research Database (NHIRD) from January
1 to December 31, 2002. Healthcare utilization and costs,
including those related to office, outpatient hospital,
emergency department, and inpatient hospital visits, were
compared between pediatric patients with and without
asthma. Their findings revealed that, in 2002, the period
prevalence of treated asthma was 6.0%. Pediatric patients
with asthma used substantially more health services than
did those without asthma in all categories. Hospital
outpatient visits and overall healthcare expenditure for
patients with asthma were 2.2-fold higher than those of
patients without asthma. Almost three-fourths of all
asthma-related costs were attributable to office and
hospital outpatient visits; one-fourth was attributable to
urgent care and hospitalizations. In detail, total direct
medical expenditure is approximately $NTD (New Taiwan
dollar) NT$ 275 million (approximately $8.3 million US
dollars) per year in this 1% (33,461) sample of general
population enrollees age 3-17 years in Taiwan. Asthma care
accounted for 20-25% of all services that patients with
asthma received. Therefore, patients with asthma incurred
costs of approximately NT$ 7.1 billion ($215 million in US
dollars). In 2002, the exchange rate was NT$ 33.1 to $1.00
in US dollars. The cost observed ($83.00 per asthmatic
children per year) was far lower than reported in other
national surveys from Thailand ($216.00 in the year 2007),28
Singapore ($238.00 in the year 1999),29 and the USA
($333.00 in the year 1994).30 The difference may have re-
flected our provider payments (approximately $10.00 per
case), patient copayments (approximately $ 3.00-$8.00 per
visit), and laboratory and radiology fees, which are lower
than those of other countries. Despite the standards of
asthma control that international guidelines recommend
should be achieved,31 many patients continue to suffer
suboptimal control of symptoms and experience exacer-
bations (acute asthma attacks). In addition to being asso-
ciated with reduced quality of life, asthma exacerbations
are a key cost driver in asthma management. However,
asthma care still imposes a large economic burden on
patients’ families in Taiwan. In another study, Sun and
Lue32 evaluated 95,110 patients age 18-55 years who were
enrolled in the National Health Insurance Research Data-
base in the same year of 2002, and they found that the
mean costs of hospitalization for patients with asthma were
2.7-fold higher than for patients without asthma, and that
almost one-half of all asthma-related costs were attribut-
able to hospitalization.
The burden of childhood asthma in Lithuania, Latvia, and Taiwan 279The same situation with asthma care and management
exists in European countries. A prospective study, con-
ducted in 15 countries across Europe, including Latvia,
assessed the local cost of asthma exacerbations managed in
either primary or secondary care.33 Multiple regression
analysis of the asthma exacerbations showed that the cost
of exacerbations was significantly affected by country, care
type, and age. The results showed that asthma exacerba-
tions are costly to manage, particularly in secondary care,
suggesting that therapies able to reduce the frequency or
severity of exacerbations may bring economic benefits, as
well as improved quality of life.2.3. The environmental factors for childhood
allergic asthma in Latvia, Lithuania, and Taiwan
From the ecologic point of view, the contrast between
Taiwan and two Baltic countries is great, despite similar
sized geographic areas (30,000 to 60,000 km2) (Table 1).
Taiwan lies in the temperate zone of the tropic of Cancer,
and its climate is marine tropical. The entire island experi-
ences hot, humid weather from June through September.
The northern part of the island has a rainy season that lasts
from January through late March during the northeast
monsoon, and it experiences “meiyu” (seasonal rains) in
May. Themiddle and southern parts of the island do not have
an extended monsoon season during the winter months. In
contrast, there is cold and humid weather in the Baltic
region, except in summer seasons. Taiwan’s population
density is high, more than tenfold that of Latvia or Lithuania.
Despite this environmental difference, the prevalence of
individuals with asthma in the entire population is similar in
these three countries, i.e., approximately 6.4%. The
“hygiene hypothesis” has been proposed as one explanation
for the increases in symptom prevalence, although it does
not appear to explain the previously mentioned asthma
prevalence patterns. Other established asthma risk factors,
such as exposure to airborne or industrial pollutants and
dietary factors, may influence these discrepancies in the
prevalence of asthma in different countries. Scientists
believe that rural environments are strongly protective
against the disease, and increasing urbanization may be
contributing to the rise in the numbers affected. A consis-
tent body of literature shows that the Westernized lifestyle,
increasing urbanization, and exposure to allergens may be
contributing to the rise in the numbers affected.
A recent survey34 used an ISAAC questionnaire and
detecting of serum specific-immunoglobulin E (IgE) to
common allergens in a total of 142 primary school children of
Taipei City,which included 25,094 students age 7-8 years. The
results showed that a total of 1500 students (5.98%) had
confirmed sensitivities to allergens. Dust mite sensitivity
among these children was almost 90%. The prevalence of
sensitivities to Dermatophagoides pteronyssinus (Der p),
Dermatophagoides farinae (Der f), and Blomia tropicalis (Blo
t) were 90.79%, 88.24%, and 84.63%, respectively. Dog dander
(29.95%)was the secondmost common aeroallergen to induce
sensitivity. Allergies to cat dander (8.69%) and to cockroach
(15.48%) had decreased dramatically compared with previous
analyses.35 Among the food allergens studied, the most
commonallergens that induced sensitizationwere (in order ofprevalence) crab, milk, egg white, and shrimp (88.08%,
22.45%, 24.23%, and 21.44%, respectively). Mold and pollen
sensitization was identified in fewer than 2% of the school-
children. Although new technology, using microfluidic
cartridge immunoassay for in vitro IgE detection has been
developed for rapid and acute allergy diagnosis,36 clinical
information is essential for final confirmation of the sensiti-
zation and allergy to certain allergens, particularly in food
allergy disorder. Wu et al37 conducted a nationwide
questionnaire-based survey on the prevalence of food allergy
in Taiwan. A total of 30,018 individuals who met the inclusion
criteria were evaluated, and 6.95% were identified as victims
of food allergies. The prevalence was 3.44% in children
younger than 3 years, 7.65% in children age 4-18 years, and
6.40% in adults, respectively. Approximately 77.33% of the
food allergy population had experienced recurrent allergic
attacks. Systemic reactions occurred in approximately 4.89%
of the food allergies group. Themost commonly reported food
allergen in Taiwan is seafood, including shrimp, crab, fish, and
mollusk. Inaddition,mango,milk,peanuts,andeggswerealso
important food allergens in the general population, whereas
milk, shellfish, peanuts, and eggs were common allergens in
children. The predisposing factors for the prevalence of
allergic diseases and allergic sensitization in Taiwanese chil-
dren were investigated by Yao and the Prediction of Allergies
in Taiwanese Children (PATCH) study group.38 Their multi-
variate analyses revealed that younger age, male sex, and
obesity were significantly and independently associated with
current wheezing in children (all p < 0.01). The burden and
comorbidity of childhood allergies are substantial. There are
striking age-dependent sex differences in asthmaprevalence,
exhibiting an inverted U-shaped curve for male-to-female
prevalence ratios by age. Obesity is associated with
a greater prevalence ofasthma in childrenwithnoevidenceof
a significant modulation by either sex or age.
To investigate the effect of prenatal, postnatal, and
environmental characteristics of food allergen in young
infants among different regions of Europe, the EuroPrevall
birth cohort study, the largest study using gold-standard
diagnostic criteria for food allergy in children worldwide,
found that self-reported adverse reactions to food ever
were considerably more common in mothers from Germany
(30%), Iceland, the United Kingdom, and the Netherlands
(all 20e22%) compared with those from Italy (11%),
Lithuania, Greece, Poland, and Spain (all 5e8%).39 The
Lithuanian birth cohort “Alergemol” (n Z 1558), estab-
lished as a part of the multicenter European birth cohort
“EuroPrevall”, revealed 1.3% and 2.8% of symptomatic-
sensitized patients at 6 and 12 months of age, respec-
tively. This study also showed that maternal diet, disease,
use of antibiotics, and tobacco smoking during pregnancy
had no significant effect on the early sensitization to food
allergens. However, infants of atopic mothers were signif-
icantly more often sensitized to eggs in comparison with
infants of nonatopic mothers.402.4. Genetic predisposition of allergic asthma
Any chronic disease is caused by a complex interaction
between environmental factors and individual genotypes.
Asthma is no exception. However, the genetics of asthma
280 L.S.-S. Wu et alare not well defined with many candidate genes, but no
single gene or gene family stands out. One-third of patients
who have asthma have a family history of this condition,
and a positive family history is one predictor of asthma risk.
This is at least in part because family history captures
shared environmental risk factors, such as exposure to
allergens and secondhand smoke, but it is also because we
are only now beginning to dissect the genomic underpin-
nings of the condition. Strong genetic components associ-
ated with asthma were supported by family and twin
studies,41,42 and many genes have been identified or sus-
pected to be involved in the pathogenesis of asthma.43,44
Although tremendous effort has been expended to
localize the susceptibility genes in complex genetic disor-
ders such as asthma, elucidation of the multigenic nature of
asthma has been greatly hampered by genetic heteroge-
neity across populations, variability in disease expression,
and uncontrolled environmental influences.45 Moreover,
there may be various forms of asthma that involve different
components of genes and environmental interactions.44
Currently more than 100 variants in candidate genes in
different chromosomes have been reported to be associ-
ated with different asthma phenotypes and several de novo
genes or previously unidentified genes related to allergy or
asthma have been identified using a positional approach.46
During past decades numerous genes have been studied
regarding the allele or haplotype association with asthma in
different populations. However, the confirmation and
replication results of allergy- or asthma-related genes are
still lacking when compared across different populations
and ethnic backgrounds.
In the study of genetic susceptibility of childhood
asthma in Taiwan, we have conducted the genome-wide
linkage disequilibrium screen for loci associated with
genetic difference between allergic and nonallergic asthma
using 763 autosomal short tandem repeat (STR) markers in
190 unrelated asthmatic children47 The results showed that
evidence for association with difference between two
forms of asthma was observed in thirty-six STR markers.
Twenty-one of these 36 STR markers were found to have at
least one meaningful genotype. Marker-to-marker syner-
getic effect and simulation resampling tests revealed D5S
2011, D6D1573, and D9S286 were important loci in allergic
asthma, whereas D5S674, D6S1574, and D19S226 were
important in nonallergic asthma with odds ratios <0.14,
and >7.1, respectively. These findings suggested that there
is a different set or sets of susceptible genes between
allergic and nonallergic asthma in children based on total
serum IgE levels and responsiveness to common aero-
allergens. It was also found that genetic susceptibility to
childhood asthma disease in Taiwan was associated with
genetic variant of innate immunity, such as CD14,48,49 and
platelet-derived growth factor receptor-alpha50 that
interact with common environmental allergens or patho-
gens. The polymorphisms of protein tyrosine phosphate
receptor-type delta,51 MD-1 gene,52 interleukin 17A,53 and
interleukin-7 receptor54 are reported to be associated with
childhood asthma in Taiwanese population. In another
study, we also found that ABO/secretor blood group is
associated with childhood asthma.55 These results suggest
that there is some genetic discrepancy in disease suscep-
tibility between Chinese and other ethnic populations.To determine whether this genetic information can have
any predictive value for allergic disorder and asthma, we
assessed 13 single-nucleotide polymorphisms (SNPs) in
seven well-known asthma susceptibility genes and looked
for association with pediatric asthma using 449 asthmatic
and 512 nonasthmatic patients in the Taiwanese pop-
ulation.56 The results showed that CD14-159 C/T and MS4A2
Glu237Gly were identified to have differences in genotype/
allele frequencies between the control group and asthma
patients. Moreover, the genotype synergistic analysis
showed that the co-contribution of two functional SNPs was
riskier or more protective from asthma attack. Further-
more, we also analyzed gene-gene interaction of those
genes using different methods for developing predictive
model(s) for asthma in children.57,58
3. Summary
Allergic asthma is one of the most common chronic respi-
ratory diseases in childhood with an increasing prevalence
and burden worldwide. This disease affects individuals in
all countries and all ethnic groups. It is well recognized that
allergic asthma in childhood is caused by a combination of
genetic and environmental effects and increasing urbani-
zation may be contributing to the rise in the numbers
affected. This theory indicated that the global change of
modernization, regional development, and racial differ-
ence may have strong influence on the rise of the preva-
lence of allergic disorder. Hence, the collaboration and
comparison study between the Baltic nations, Latvia and
Lithuania, and Taiwan on the environmental and genetics of
childhood asthma will provide a new insight and direction
for the preventive strategy of childhood asthma.
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